Introduction
Sweetpotato (Ipomoea batatas L. (Lam) ) is a staple food in several tropical countries and one of the world's highest yielding crops. It has a high food production per unit
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Modeling the impact of sweetpotato weevils on storage root yield marketable yield. According to Beyene (2015) , yield losses due to sweetpotato weevils range from 20-75%. On the other hand, work in Cuba indicates that about 10-20% increase in yield could be expected through a better control of sweetpotato weevil (Lagnaoui et al. 2000) . Little attention has been paid when evaluating sweetpotato varieties to know what levels of weevil damage significantly reduce yield in sweetpotato production. This study uses a model to quantify the effect of weevil damage on sweetpotato yield.
Materials and methods

Description of Study locations
Trials were carried out for two years (2014 and 2015) at three locations, Nyankpala, Navrongo, and Wa in the Northern, Upper East and Upper West regions of Ghana respectively. Nyankpala is situated in the Tolon district of the Northern region. Its geographical coordinates are 9° 24' 0" North, 0° 59' 0" West. Navrongo is the capital town of the KassenaNankana East municipal with geographical coordinates, 10° 53' 42" North, 1° 5' 38" West while Wa is the capital of the Upper West Region of northern Ghana and lies within latitudes 1º40'N to 2º45'N and longitudes 9º32'W to 10º20'W. The soil in Nyankpala is described as sandy-loam with deposits of gravel while that of Navrongo and Wa are predominantly savannah ochrosols (GSS report, 2014) . The three northern regions of Ghana have almost the same rainfall pattern. The annual average rainfall ranges from 950 mm to 1200 mm. Figure 1 shows a map indicating the study locations (GSS report, 2014).
Sweetpotato Varieties used for the study
Seven cultivars were purposefully selected for the study. These included the orange-fleshed cultivars Apomuden, Nan, TU-Orange, Kufuor, the purple-fleshed cultivar Tu-Purple, and the white-fleshed cultivars Ogyefo and Obare (local check variety that varies with each location). All the varieties have an average maturity period of 120 days.
Experimental procedure
The land used for the trial was cleared and ploughed. Ridges were made manually using hoes. All planting materials were multiplied at Botanga sweetpotato primary At harvest, the middle two rows were used for data collection. After removing vines, the ridges were opened with a hoe and storage roots harvested. Roots were examined and scored for weevil damage caused by Cylas spp., damage caused by the striped weevil, Alcidodes spp., and millipede damage. Scale of 1-9 where: 1 = absence of damage, 3 = minor damage, 5 = moderate damage, 7 = heavy damage, and 9 = severe damage was used. Numbers in between represent intermediate ratings. The harvested storage roots were then counted, weighed, and average storage root weight (kg) and total storage root yield (ton/ha) were calculated from these data.
Design and method of data analysis
Randomized complete block design was used to lay out the experiment, with an experimental unit (plot) consisting of four ridges of 4 x 5.1 m. Plots were 1 m apart and blocks were separated by 2 m. The treatments consisted of seven sweetpotato cultivars. A regression analysis was carried out using the generalized linear model approach. The explanatory variables were regressed on the response variable. Explanatory variables were the scores of weevil damage, millipede damage, Alcidodes, and virus symptoms while the response variable was, noncommercial root yield. In the study, noncommercial roots were classified as all undersized roots (<100g), spoilt roots due to weevil, millipede, and soft rot. The statistical software used for the analysis was SAS 9.2 (32).
Ethical approval:
The conducted research is not related to either human or animals use. Table 1 shows the summary statistics of storage root yield for the two-year experiment across the three locations. Within cultivar storage root yield varied greatly except in the cultivar, Ogyefo, which had a smaller standard deviation for storage root yield.
Results
The cultivar Ogyefo was observed to give the lowest storage root yield, with slight difference in total, marketable, and non-marketable yield (Table 1) . It also gave the lowest harvest index but did much better in terms of vine yield (Figure 2) .
The Maximum Likelihood Estimation approach was used in the generalized linear model for parameter estimation. Weevils gave the highest estimate in predicting non-marketable yield, known in this study as yield loss. From Table 2 , the predictive model can therefore be expressed as:
Yield loss = 0.5062 + 0.7744x
Where 0.5062 = constant (intercept of the regression line) and x=weevil damage score; 0.7744 is a coefficient which determines how much the variable x contributed to prediction of yield loss. Apart from weevil damage, the other variables, virus, alcidodes, and millipedes were non-significant predictors of yield loss (Table 2) . However, millipedes can be a secondary pest after the skin surface of sweetpotato roots has been damaged by weevils (Ebregt et al. 2005 ). Therefore, we should not neglect this pest at all, since its presence can exacerbate the proportion of non-marketable roots. A subset regression conducted using the Mallows C p approach. Millipedes and Weevils constituted the best subset of variables that precisely predicts yield loss. The subset had a C p =1.11, 2 variables in the model and R-square of 34.59% (Table 3) . Figure 3 shows the difference in severity of weevil damage among cultivars. It was observed that some cultivars were more susceptible to weevil attack than others. The most susceptible one, Apomuden showed up to 90% damage by weevil.
There was high significant difference (p<0.001) among 3 harvesting times for weevil damage. Figure 4 indicates that harvesting at 150 days after planting (DAP) leads to high weevil damage compared to harvesting at 90 DAP and 120 DAP.
Discussion
The results confirmed the literature that average yield of sweetpotato ranged from 12-24 ton/ha. The large variation observed within cultivar yield was because of the differences in conditions over the years and among the locations in the rain-fed environments used. The different soil types and rainfall patterns influence yield of sweetpotato cultivars in the various locations. Most varieties of sweetpotato perform better in sandy-loam soils (Stathers et al. 2013 ). The cultivar Ogyefo was observed in the experiment to be strongly vegetative, with limited production of storage roots. This contributed to its low yield and least variation among its total yield, marketable yield, and non-marketable yield. Roots harvested from this cultivar were not fully matured to be attacked by weevil. This reduced the number of non-marketable roots thereby reducing the non-marketable yield. The cultivars variety. Furthermore, sweetpotato breeding in Ghana to date has been largely carried out in the southern forest agroecological zones, where rainfall is higher and more evenly distributed than in the northern savannahs, and where weevil pressure tends to be lower (no data included since study was based in northern Ghana). Despite being highly weevil-susceptible, the problem can be managed to an extent through timely harvest and other cultural practices such as crop rotation and clearing of nearby old sweetpotato fields that could harbor weevils.
Conclusion
Weevil infestation was directly related to yield loss at trial sites in northern Ghana when other environmental factors are held constant. However, different sweetpotato genotypes respond differently to weevil attack. This gives the opportunity to develop resistant varieties. Nonetheless, the severity of weevil damage and its implication to yield need to be accounted for when evaluating potential varieties for release, particularly in weevil-prone environments.
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